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REMARKS 

In the Office Action dated January 25, 2007, claims 1, 3, 4, 6, 7, 9-12 and 14, in the 
above-identified U.S. patent application were rejected. Reconsideration of the rejections is 
respectfully requested in view of the above amendments and the following remarks. Claims 1, 
3-4, 6, 7, 9-12 and 14 remain in this application, claims 2, 23 and 24 have been canceled and 
claims 5, 8, 13, and 15-22 have been withdrawn. 

The office action indicates that the non-elected claims should be canceled. Claims 23 
and 24 directed to an antigen have been canceled. Claims 5, 8, 13, and 15-22 have not been 
canceled as applicant's understanding is that these claims could be rejoined if the elected 
claims are found allowable. 

Claims 1, 3-4, 9-12 and 14 were rejected under 35 USC §1 03(a) as unpatentable over 
Hashida and Formoso. Applicants respectfully contend that neither Hashida nor Formoso 
suggests or discloses a first antigen for an antibody, which has at least one marker group, and 
comprises multiple epitope regions, said epitope regions being identical in amino acid 
sequence. In addition, neither of these references suggest or discloses a method where the 
first and second antigens are identical as in claim 4. Hashida uses a mixture of different 
antigens or their conjugates (both p17 and p24 are used) in his method (see table 2, right hand 
column). Included with the present response is a paper by Hashida, Journal of Clinical 
Laboratory Analysis, 8:86-95 (1994). As can be gathered from page 88, first column, 
under the headline "Recombinant p24-p-galactosidase conjugate", a conjugate which was 
already known in the art is applied by Hashida. The conjugate mentioned in Hashida contained 
an average of 2.1 p24 molecules per molecule R-D-galactosidase. Therefore, the detection 
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reagent does not contain a carrier molecule. The claims have been amended to recite that at 
least the first antigen has the recited formula. Applicants point out that the first antigen is the 
detection antigen and the second antigen is the capturing antigen. In contrast to this, the office 
action does not differentiate between the capturing and detection antigens applied by Hashida. 
The office action states that "the antigen being conjugated (e.g. covalently bound) to both BSA 
(e.g. carrier) and enzyme labels (e.g. marker group)..." but does not acknowledge that the 
conjugates of DNP, BSA and recombinant HIV antigen are exclusively applied as capturing 
antigens (i.e. they correspond to the "second antigen" of the present application). 

Applicants also point out that Hashida is an ultra sensitive immune complex transfer 
enzyme immunoassay wherein an immune complex is immobilized on a first solid phase and 
subsequently transferred to a second solid phase for detection. In contrast to this, in the 
present invention, detection and immobilization take place on the same solid phase. Though 
other methods were known in the art, one would not carry out Hashida's method without 
transfer to a second solid phase as this would destroy the point of Hashida's method. Hashida 
shows that the advantage of the method described therein is the transfer of immune 
complexes from the anti-DNP solid phase to an anti-IgG solid phase. In contrast to Hashida, 
the present invention uses an antigen with several identical epitope regions to improve the 
sensitivity of the test. 

Formoso does not cure the deficiencies in Hashida as Formoso does not suggest or 
disclose a detection reagent (i.e. first antigen) with the formula recited in claim 1. Applicants 
contend that even if one were to combine Hashida and Formoso, the combination would not 
suggest a method where the detection antigen has the formula recited in claim 1 and where 
the detection and immobilization take place on the same solid phase. In addition, Formoso 
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does not suggest a method where the first and second antigens are identical as in claim 4. 
Since neither Hashida nor Formoso suggest or disclose the use of multimeric detection 
antigens with multiple, identical epitope regions, applicants request that this rejection be 
withdrawn. 

Claims 6 and 7 were rejected under 35 USC §1 03(a) as unpatentable over 
Hashida and Formoso in view of Watts. Watts was cited for the disclosure of 
antidigoxigenin and antidigoxigenin antibody in binding assays. Watts does not disclose 
a detection antigen with multiple identical epitope regions and thus does not cure the 
above discussed deficiencies in Hashida and Formoso. The presently claimed 
invention uses a first (detection) antigen with several identical epitope regions which 
improves the sensitivity of the test. Since neither Hashida, Formoso, nor Watts disclose 
the use of multiple identical epitope regions in a detection antigen, applicants contend 
that the presently claimed invention is patentable over the combination of Hashida, 
Formoso and Watts and request that this rejection be withdrawn. 

Applicants respectfully submit that all of claims 1, 3-4, 6, 7, 9-12 and 14 are now 
in condition for allowance. If it is believed that the application is not in condition for 
allowance, it is respectfully requested that the undersigned attorney be contacted at the 
telephone number below. 

In the event that this paper is not considered to be timely filed, the Applicant 
respectfully petitions for an appropriate extension of time. Any fee for such an extension 
together with additional fees that may be due with respect to this paper may be charged 
to Counsel's Deposit Account No. 02-2135. 
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Respectfully submitted, 



/Monica Chin Kitts/ 

Monica Chin Kitts 

Attorney for Applicant 

Registration No. 36,105 

ROTHWELL, FIGG, ERNST & MANBECK 

1425 K. Street, Suite 800 

Washington, D.C. 20005 

Telephone: (202) 783-6040 
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Antj-HlV-1 IgG in urine was detected by polystyrene balls coated with affinity-purified 

an ultrasensitive enzyme immunoassay (im- (anti-hurnan IgG ^chain} IgG. Bound £-D- 

mune complex transfer enzyme immunoas- gaiactosidase activity was assayed by fluo- 

say) using recomoinant p24gag protein (p24) rometry This Wssay was at least C.OOO-foid 

of HIV-1 as antigen and p-D-gafactosidase more sensitive than conventional methods, 

from Escherichia coli as label. Anti-HIV-1 IgG The lowest signaf among 49 asymptomatic 

in urine was reacted simultaneously with 2,4- carriers was 3.1 -foid higher than the high- 

dinitrophenyi-bovine serum aibumin-reconv est nonspecific signal among 1 00 seroneg- 

binant p24 conjugate and recombinant ative subjects. The sensitivity and specificity 

p24-(H>galactosidase conjugate. The com- were both 1 00%. The positivity could be con- 

piex formed, consisting of the three compo- firmed by preincubation of urine samples with 

nents, was trapped onto polystyrene balls excess of the antigen. Thus, this assay would 

coated with affinity-purified (anti-2,4- be a powerful tool for detecting IgG antibody 

dinitropheny! group) IgG, eiuted with eN-2,4- to HIV-1 in urine. © 19S4 witeHJss, inc. 
dinitrophenyi-L-lysirte, and transferred to 

Key words: antibody, human immunodeficiency virus type 1 , p£4, p-P-0aiaciosidasa. ELiSA, 



INTRODUCTION 

Antibodies to human' immunodeficiency virus type 1 (HIV- 
1) in serum, plasma and whole blood have been detected by 
various methods such as enzyme-linked immunosorbent as- 
say (ELISA), agglutination of latex, red-cells and gelatin par- 
ticles, dot blotting, and Western blotting (1), Antigens used 
are the whole virus, recombinant proteins, and synthetic pep- 
tides (i).These tests are sufficiently sensitive for the diagno- 
sis of HIV-1 infection (1). However, blood should be collected 
with due cautions to avoid infections not only with HIV but 
also with other pathogens. By contrast, urine can be collected 
more easily with no invasive procedures, less expenses, and 
less possibility of various infections than blood (2). Recently, 
a sensitive enzyme immunoassay (immune complex transfer 
enzyme immunoassay) using recombinant reverse tran-. 
scriptase (RT) and p!7 of HIV- 1 (NL4-3) (3) as antigens and 
horseradish peroxidase and Escherichia coli P-D-galactosi- 



dase, respectively, as labels has been described for the detec- 
tion of antibody IgG to HTV-1 in urine (4). This assay was at 
least 30-fold more sensitive than conventional methods. The 
sensitivity and specificity were both 100%.Tlie positivity with 
one of the two antigens could be confirmed by using the other 
antigen and/or approximately 10-fold concentrated urine 
samples. Test results were considered to become more reli- 
able by increasing the number of antigens such as RT and 
pi 7, with which the sensitivity and specificity are both 100%, 
This paper describes the detection of anti-HIV-l IgG in 
urine by the immune complex transfer enzyme immunoassay 
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using recombinant p24 of HIV- 1 (NL4-3) (3) as antigen and 
P-D-galactosidase from Escherichia coli as label. 

MATERIALS AND METHODS 
Buffers 

The regularly used buffers were 0.1 moi/L sodium phos- 
phate buffer, pH 6.0, containing 5 mmol/L EDTA (buffer A); 
and 10 mmol/L sodium phosphate buffer, pH 7.0, containing 
0. 1 g/L bovine serum albumin (fraction V, Intergen Company, 
Purchase, NY) and 1.0 mmol/L MgCl, and 1.0 g/L NaN 3 
(buffer B). 

Antibodies 

Rabbit (anti-2,4-dinitrophenyl-bovine serum albumin) se- 
rum was obtained from Shibayagi Co., Ltd., Gumma, Japan. 
Rabbit (anti-human IgG y-chain) IgG was obtained from 
Medical and Biological Laboratories Co.,:Ltd. t Nagoya, Ja- 
pan. IgG was prepared from serum by fractionation with 
Na 2 S0 4 followed by passage though a column of 
cellulose (5). The amount of IgG was calculated from the 
absorbance at 280 nm (5). 

2,4-Dinitrophenyl-Bovfne Serum Albumin 

Thiol groups were introduced into bovine serum albumin 
molecules usmgW-succinimidyl-S-acetylmercaptoacetate and 
were reacted with mafeimide groups introduced into fi/V-2,4- 
dinitrophenyl-L-lysme molecules using iV-succinimidyl-6- . 
-inaleiraidohexanoate^6")rThe ramwninjrbwinesell^ 
albumin, 2,4-diitfir^ 

vine serum albumin was calculated from the absorbance at 
280 and 360 nm (6).The average number of 2,4-dinitrophenyl 
groups introduced per albumin molecule was 6.0. 



Protein-Coated Polystyrene Balls 

Polystyrene balls (3.2 mm in diameter, Irnmuno Chemi- 
cal, Inc*, Okayama, Japan) were coated by physical adsorp- 
tion with affinity-purified (anti-2,4-dinitrophenyl~bovine 
serum albumin) IgG (0.1 g/L) and affinity-purified (anti-hu- 
man IgG y-chain) IgG (0.1 g/L) (8). AfTmity-purifled (anti- 
2,4-dinitrophenyI-bovine serum albumin) IgG-coated 
polystyrene balls had been colored pink for discrimination 
from affinity-purified (anti-human IgG y-chain) IgG-coated 
polystyrene balls. 

Recombinant p24 of HIV-1 

Recombinant p24 of HIV-1 (NL4-3) (3) was produced in 
Escherichia coli transformed with expression plasmid carry- 
ing the corresponding cDNA and purified as described previ- 
ously (9). The purified recombinant p24 was found to be 
homogeneous by polyacrylamide gel electrophoresis in the 
presence of sodium dodecyi sulfate. 

2,4-Dmitrophenyl-Bovine Serum Albumin- 
Recombinant p24 Conjugate 

6«Maieimidohexanoyl-2,4-dinitrophenyl-bovine serum 
albumin 

2,4-Dinitrophenyl-bovine serum albumin prepared as de- 
scribed above (3.0 mg, 45 nmol) in 0.49 ml of 0, 1 moi/L 
sodium phosphate buffer, pH 7.0, was incubated with 10 |Xl 
of 20 mmol/L W-succinimidyl^-maleimidobexanoate 
(DOJINDO Laboratories, Kumamoto, Japan) in N t N- 
;..duneihylfonnmiu^eat.30?C.for30-mm. After incabation,.the-~. 



Protein-Sepharose 4B 

2,4-Dirutrophenyi-bovine serum albumin (10 mg) and hu- 
man IgG (10 mg) were coupled to CNBr-activated Sepharose 
4B ( 1 .0 g, Pharmacia LKB Biotechnology AB, Uppsala, Swe- 
den) according to the instructions of Pharmacia LKB Bio- 
technology. 

Affinity-Purification of Antibodies 

(Anti-2,4-dinitrophenyl-bovine serum albumin) IgG and 
(anti-human IgG y-chain) IgG were affinity-purified by ela- 
tion at pH 2.5 from columns of 2,4-dinitrophenyl-bovine se- 
rum albumin-Sepharose 4B and human IgG-Sepharose 4B, 
respectively (7), 



reaction mixture was subjected to gei filtration by the centri- 
-fuged column procedure (10) using a column (1. lx 5.3 cm) 
of Sephadex G-50fme (Pharmacia LKB Biotechnology AB), 
equilibrated with buffer A. The average number of maleimide 
groups introduced per albumin molecule was 3.6. 

Mercaptoacetyl-recombinant p24 

Recombinant p24 (1.6 mg, 67 nmol) in OAS ml of 0.1 mol/ 
L sodium phosphate buffer, pH 7.0, was incubated with 20 pJ 
of 5 mmol/L A^succinimidyl-S-acetyimercaptoacetate 
(Boehringer Mannheim GmbH, Mannheim, Germany) inAW- 
dimethylformamide at 30°C for 30 mi rL After incubation, the 
reaction mixture was incubated with 30 of 0. 1 mol/L EDTA, 
pH 7.0, 60 [Xl of 1 mol/LTris-HCI buffer, pH 7.0, and 70 jil of 
1 mol/L hydroxylamine, pH 7.0, at 30 6 C for 15 min and 
subjected to gel filtration on a column (1.0 x 45 cm) of 
Sephadex G-25 using buffer A. The concentration of re- 
combinant p24 was determined by a commercial protein 
assay kit (Bio-Rad Protein Assay Kit, Bio-Rad Laborato- 
ries, Richmond, CA) using bovine serum albumin as stan- 
dard, and its molecular weight was taken to be 24,000 (9). 
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The average number of thiol groups introduced per recom- 
binant p24 molecule was 1.1. 

2,4-Dinitrophenyj-bovine serum aibumtn-recombinant 
p24 conjugate 

Mercaptoacetyl-recombinant p24 (0.46 mg, 19 nmo!) in 
0.25 ml of buffer A was incubated with 6-maleimido- 
hexanoyl-2,4-diiutrophenyI-bovine serum albumin (0.32 mg, 
4.8 nmol) in 70 jii of buffer A at 4°C for 20 h. After incuba- 
tion, the reaction mixture was incubated with 10 yd of 0,1 
raol/L 2-mercaptoemylamine in buffer A at 30°C for 15 min 
and subsequendy with 20 pi of 0. 1 moI/L N-ethy Imaleimide 
in buffer A at 30°C for 15 min. The reaction mixture was 
subjected to gel filtration on a column (1.5 x 45 cm) of 
Ultrogel AcA 44 (IBF Biotechnics, Villeneuve-Ia-Garenne, 
France) using 10 ramol/L sodium phosphate buffer, pH 7:0, 
containing 0.1 mol/L NaCl. The average number of re- 
combmant p24 molecules conjugated per albumin mol- 
ecule was 2;5, which was calculated from the 
concentration of 2,4-dinitrophenyl-bovine serum albu- 
min and the total protein concentration determined by 
the commercial protein assay kit as described above. The 
amount of the conjugate was calculated in the same way 
as described for 2,4-dinitrophenyl-bovine serum albumin. 

Recombinant p24-$-D-Ga!actosidase Conjugate 

Maleimide-p-D-galactosidase 

Maleimide groups were introduced into (3-D-gaiactosidase 
molecules from Escherichia coli by AW-tf-phenylenedi- 
maleimide (5). The average number of maleimide groups in- 
troduced per P-D-galactosidase molecules was 14 (5). 



ber of maleimide groups (5). The amount of tLe conjugate 
was calculated from {3-D-galactosidase activity. 

Immune Complex Transfer Enzyme Immunoassay 
for Anti-HIV-1 IgG 

An aliquot (100 jll) of urine samples was incubated with 
20 ]!l of nonspecific rabbit serum and 10 fil of buffer B con- 
taining 0.4 mol/L NaCl and 50 jig of inactive P-D-galactosi- 
dase (P-galactosidase-mutem, Boehringer Mannheim GmbH) 
at room temperature for 3 h. Inactive p-D-gaiaetosidase was 
used to eliminate interference by anti- P-D-galactosidase an- 
tibodies (11). The amount of inactive P-D-galactosidase was 
calculated from the absorbance at 280 nm using the extinc- 
tion coefficient for p-D-galactosidase (5), In experiments to 
confirm the presence of anti-HIV-1 p24 IgG, 15 pmoi of re- 
combinant p24 was added. In experiments to examine the ef- 
fect of urine volumes, the volume of buffer B containing 0.4 
mol/L NaCl and 50 jig of inactive P-D-galactosidase was in- 
creased to a total volume of 1 10 fil In experiment to examine 
the effect of pH, 1 \xl of urine and 109 pi of 10 mmoi/L so- 
dium phosphate buffer, pH 5.0-8.0, containing 0.4 mol/L 
NaCl, 0. 1 %/L bovine serum albumin, 1 .0 mmol/L MgCl 2 , 1 .0 
g/L NaN 3 , and 50 \ig of inactive p-D-galactosidase were used. 
The reaction mixture (130 was incubated with 20 jll of 
buffer B containing 0.4 mol/L NaCl, 100 fmol of 2,4- 
dinitrophenyl-bovine serum albumin-recombinant p24 con- 
jugate, and 100 fmol of recombinant p24~p-D-galactosidase 
conjugate at room temperature for 3 h. To the reaction mix- 
ture, two colored polystyrene balls coated with affinity-puri- 
fied (anti-2,4-dinitrophenyI group) IgG were added, and the 
incubation was continued at room temperature overnight. After 
removing the reaction mixture, the colored polystyrene balls 
.jweiB..washediwice.hy_additi^ 



Mercaptoacetyl-recombinant p24 

Mercaptoacetyl-recombinant p24 was prepared in the same 
way as described for the preparation of 2,4-dinitrophenyl- 
bovine serum albumin-recombinant p24 conjugate. 

Recombinant p24-p-D-gafactosidase conjugate 

Mercaptoacetyl-recombinant p24 (0.19 mg, 8.0 nmol) in 
0.5 ml of buffer A was incubated with maleimide-P-D-galac- 
tosidase (1 . 1 mg, 2.0 nmol) in 0.5 ml of buffer A at 4°C for 
20 h. After incubation, the reaction mixture was incubated 
with 10p.l of 0.1 mol/L 2-mercaptoethylamine in buffer A at 
30°C for 15 min and subsequently with 20 u\i of 0. 1 mol/LiV- 
ethylmaleimide in buffer A at 30°C for 15 min. The reaction 
mixture was subjected to gel filtration on a column ( 1 .5 x 45 
cm) of Ultrogel AcA 22 (IBF Biotechnics) using buffer B 
containing 0.1 mol/L NaCL Fractions containing the conju- 
gate were stored at 4°C.The average number of recombinant 
p24 molecules conjugated per p-D-galactosidase molecule 
was 2.1, which was calculated from the decrease in the num-. 



B containing 0.1 mol/L NaCl and incubated with 150 |Xl of 
-buffer B containing 0.1 mol/L NaCl and 1.0 mmol/L fi/V-2,4- 
dinitrophenyl-L-lysine and two white polystyrene balls coated 
with affinity-purified (anti-human IgG y-chain) IgG at room 
temperature for 1 h. The colored polystyrene balls were re- 
moved, and the incubation was continued at room tempera- 
ture for 2 h. The white polystyrene balls were washed as 
described above, f3-D-Galactosidase activity bound to the 
white polystyrene balls was assayed at 30°C for 25 h by fluo- 
rometry using 4-methyIumbelliferyl-j3-D-galactoside as sub- 
strate (12). The fluorescence intensity was measured relative 
to 1 x 10^ mol/L 4-methyIumbelliferone in 0.1 mol/L gly- 
cine-NaOII buffer, pi I 10.3, using 360 nm for excitation and 
450 nm for emission analysis with a spectrofluorophotometer 
(F-3010, Hitachi, Ltd., Tokyo, Japan). 

For testing serum, an aliquot (20 of samples was incu- 
bated with 20 ^1 of nonspecific rabbit serum and 90 jji of 
buffer B containing 0.4 mol/L NaCl and 50 u.g of inactive P- 
D-galactosidase at room temperature for 3 h and processed as 
described above. 
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Fig. 1 . Immune complex transfer enzyme immunoassay for antibody IgG. 
DNP: 2,4-dinitrophenyI group. Ag, antigen! Ab, antibody. £nz, enzyme, fg, 
immunoglobulin. 



Conventional Enzyme-Linked Immunosorbent 
Assay (ELISA) for Anti-HIV-1 IgG 

The conventional ELISA was performed by using a com- 
mercial kit (ABBOTT HTLV-IH EIA, ABBOTT Laborato- 
ries, North Chicago, IL), A polystyrene ball coated with five 
recombinant proteins of HIV- 1 (gpl20, gp4i, p24, pi 7, and 
pl5) was incubated with 100 u.1 of urine samples and 310 jil 
of the diluent included in the kit at 40°C for 30 min and, after 
washing, with (anti-human IgG) antibody-peroxidase conjugate 
at 40°C for 30 min. Bound peroxidase activity was assayed by 
colorimetry using 2-phenyIenediarnine as hydrogen donor. 

Gelatin Particle Agglutination for Antl-HIV-1 
Antibodies 

Gelatin particle agglutination was performed using a com* 
mercial kit with a lysate of HIV-1 produced by MOLT #4/ 
HTLV-IH cell line as antigen (SERODIA-HIV, Fujirebio Inc., 
Tokyo, Japan) (13). Serum and urine samples were diluted at 
least 16-fold and 2-fold, respectively, with the diluent in- 
cluded in the kit. An aliquot (25 pi) of diluted samples 
was mixed with the particle solution (25 |xl) in U-shaped 
wells of rnicroplates and allowed to stand at room tem- 
perature for 2 h. 

Western Blotting for Anti-HIV-1 IgG 

. Western blotting for anti-HIV- 1 IgG was performed using 
a commercial kit (Ortho HIV Western Blot Kit, Ortho Diag- 




Fraciicn Number Fraction Number 



Fig. 2. Elution profiles of 2«4-dinitrophenyl-bovine serum albumin -recombinant p24 conjugate (A) and recom- 
. binant p24-£-D-ga!actosidase conjugate (B) from columns of Ultrogel AcA 44 and AcA 22. respectively. 
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Dilution of Urin« lism Seroposiiive Subjects 
with Urine Irom a Seronegative Subject (-fold) 



Fig. 3. Dilution curves of urine samples from seropositive subjects by 
different methods. Urine samples from three seropositive subjects were se- 
rially diluted with urine from a seronegative subject and were tested by the 
immune complex transfer enzyme immunoassay using recombinant p24 of 
HIV-i as antigen and Escherichia colt jJ-D-galactosidase as label (open 
circles), the conventional ELISA using five recombinant proteins of HTV-I 
as antigens (open squares) and gelatin particle agglutination using a lysate 
of HIV-I as antigen (open rhombuses). 



nostic Systems Inc., Raritan, NJ). Serum samples were di- 
Iuted40t4old with-toe^^ 

cellulose membrane preblotted with nine HIV-1 proteins 

~(gpI6.0rgpl20r 

incubated with 2.02 mi of the diluted samples at room tem- 
perature overnight and, after washing, with biqtinyHanti- 
human IgG) antibody at room temperature for 1 h. After 
washing, the nitrocellulose membrane was incubated with 
avidin-peroxidase conjugate at room temperature for 1 h. 
Bound peroxidase activity was detected using 4-chloro-l- 
naphthol as hydrogen donor. 



Urine Samples From HIV-1 Seropositive and 
Seronegative Subjects 

Urine samples were collected from . 100 seronegative sub- 
jects aged 24-68 years and 70 seropositive subjects aged 
10-60 years. Negative and positive sera were discriminated . 
by gelatin particle agglutination. The seropositivity was con- 
firmed by Western blotting. Urine samples collected were 
mixed with 1/100 volume .of 10 g/L bovine serum albumin 
(fraction V, Intergen Company) and 1/1 00 volume of 100 g/L 
NaN 3 and stored at ~20°C. Before use, urine samples were 



thawed and centrifuged at 1,500 x g at 4°C for 10 min to 
remove precipitates. 

Immune Complex Transfer Enzyme Immunoassay 
for Antl-HTLV-I IgG 

The immune complex transfer enzyme immunoassay for 
antibody IgG to human T-cell leukemia virus type (HTLV-I) 
was performed using 2,4-diriitrophenyl-bovine serum albu- 
min-Cys-e/iv gp46( 188-224) conjugate and Cys-env 
gp46<188-224)-P-D-galactosidase conjugate essentially in the 
same way as the present enzyme immunoassay for anti-HTV- 
1 IgG (14). The volumes of serum and urine samples used 
were 20 \xl and 100 Jll, respectively. Rabbit serum {20 |il> 
was added for urine samples. Bound p-D-gaiactosidase ac- 
tivity was assayed for 2.5 h. 

Gelatin Particle Agglutination for Anti-HTLV-J 
Antibodies 

Detection of anti-HTLV-I antibodies by gelatin particle 
agglutination was performed using a commercial kit with 
HTLV-I produced by TCL-Kan cell line (15) as antigen 
(SERODIA-HTLV-I, Fujirebio, Inc.). Serum samples were 
diluted 8-fold or more with the diluent included in the kit An 
aliquot (25 ^1) of diluted serum was mixed with the panicle 
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Fig. 4. Effect of pH in the immune complex transfer enzyme immunoas- 
say for and -HIV' 1 IgG, Urine samples were incubated with 2.4-dinitrophenyl- 
faovme serum aibumin-recombinant p24 conjugate and recombinant 
p24-j3-D-gaiactosidase conjugate at pH 5-8. Open and closed circles indi- 
cate experiments with urine from a seropositive subject and a seronegative 
subject, respectively 
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' Urine Added (jil/ tube}' 

Fig, 5. Effect of urine volumes in the immune complex transfer enzyme, 
immunoassay fo. and -HIV- 1 IgG. Increasing volumes of urine samples from 
three seropositive subjects were tested by the immune complex transfer en- 
zyme immunoassay. 
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solution (25 ul) in U-shaped wells of microplat.es and allowed 
to stand at room temperature for 3 h. 

Serum and Urine Samples From Subjects infected 
With HTLV-I 

Paired serum and urine samples were collected from 600 
healthy subjects (382 males aged 19-77 years and 218 fe- 
males aged 20-69 years). Serum samples were stored at 
-20°C. Urine samples were stored and used as described 
above. The serum samples were tested by the Immune com- 
plex transfer enzyme immunoassay for anti-HTLV-I IgG and 
gelatin particle. agglutination for anti-HTLV-I antibodies, and 
31 serum samples (5.2%) out of the 600 were positive by 
both tests. The corresponding 3 1 urine samples were tested 
by the immune complex transfer enzyme immunoassay for 
anti-HTLV-I IgG. Ten urine samples out of the thirty-one, 
which showed higher signals than the other samples, and the 
corresponding ten serum samples were used for test by the 
immune complex transfer enzyme immunoassay for anti- 
HIV-lIgG. 

Measurement of Human IgG in Urine 

Human IgG in urine was measured by two site enzyme 
immunoassay as described previously (16). 
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Fig, 6* Detection of anti-HIV-l IgG in urine by the immune complex trans- 
fer enzyme immunoassay. Seventy urine samples from seropositive subjecis 
and 100 urine samples from seronegative subjects were tested. Open and 
closed circles indicate signals for urine samples from seropositive and 
seronegative subjects^ respectively. Open smaller circles indicate signals' 
obtained by preincubation of urine samples with excess of recombinant p24. 
The broken Jine indicates a tentative cut-off value. 



RESULTS AND DISCUSSION 

Anr.i-HTV-1 IgG in urine was detected by an ultrasensitive 
enzyme immunoassay (immune complex transfer enzyme 
-immunoassay) 

as antigen and p-D-galactosidase from -JS^Kr^haaj^Uj^ 
label (the immune complex transfer enzyme immunoassay) 
as shown schematically in Figure 1, 2,4-Dihitrophenyl-bo~ 
vine serum albumih-recoiribinant p24 conjugate and recom- 
binant p24-p-D-galactosidase conjugate were prepared by 
reacting thiol groups introduced into recombinant p24 mol- 
ecules with maleimide groups introduced into 2 ,4 -din- 
itrophenyl-bovine serum albumin and p-D-gaiactosidase 
molecules, and no significant polymerization was observed 
{Fig, 2). The results were compared with those by the con- 
ventional ELISA using five recombinant proteins of HIV- 1 
as antigens and gelatin particle agglutination test using a ly- 
sate of HIV- 1 as antigen. 

Sensitivity of the Methods Used 

Three urine samples from seropositive subjects were seri- 
ally diluted with urine from a seronegative subject and were 
tested by the above methods. The immune complex transfer 
enzyme immunoassay was approximately 3,000- to 300,000- 
fold more sensitive than the other methods (Fig. 3). 
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TABLE 1. Test Results of Urine Samples From 70 Seropositive and 100 Seronegative Subjects by the Immune Complex 
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Sensitivity 


Specificity 




Lowest cut-off index 


Method 


Antigen 
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AC 


ARC 


AIDS 


Immune complex 


p24 


100 


100 


3.1 


2.1 


2.1 


transfer enzyme 














immunoassay 


RT 


100 


100 


1.5 


1.4 


1.1 




pl7 


100 


100 


3,1 


2.6 


1.9 


Conventional EUSA 


p!5, P 17,p24 


91 


99 


0.3 


0.7 


1.0 




gp41. gpl20 












Gelatin particle 


HIV-1 


83 


97 








agglutination 


lysate 













carriers. ARC, 13 patients with AIDS-related complex. AIDS, $ patients with AIDS. 



Interference by Urine 

Effect of pH in the immune complex transfer enzyme im- 
munoassay was examined by incubation of urine samples with 
2,4-dinitrophenyl-bovine serum albumin-re combinant p24 
conjugate ?.nd recombinant p24-p-D-£alactosidase conjugate 
at pH 5.0-8.0, since pH of urine samples ranged from 5.3 
through 8.0. The specific signal was higher at lower pH, and 
the specific signal at pH 5.0 was 1.4-fold higher than that at 
pH 8.0. The nonspecific signal was slightly higher at higher 
pH (Fig. 4). For effective detection of anti-HIV-1 IgG, ad- 
justment of pH of urine samples to lower pH before use was 
recommended. 

Increasing volumes of urine samples from seropositive 
subjects were tested by the immune complex transfer enzyme 
immunoassay. Up to 100 pi of urine samples could be used 
with only slight interference (Fig. 5). 



Assay Variation 



the other subjects (4). These samples were tested by the im- 
mune complex transfer enzyme immunoassay (Fig. 6 and 
Table 1). All signals for the seropositive subjects were higher 
than those for the seronegative subjects. The lowest cut-off 
indices for the asymptomatic seropositive subjects and the 
patients with ARC and AIDS (the ratios of the lowest signals 
for the asymptomatic seropositive subjects and the patients 
with ARC and AIDS to the highest nonspecific signal for the 
. seronegative subjects) were 3* 1 , 2, 1 and 2. 1 , respectively. 

Specificity 

All signals for the seropositive subjects observed by the 
immune complex transfer enzyme immunoassay were sig- 
nificantly lowered by preincubation of urine samples with 
excess of recombinant p24 of HIV-i (Fig, 6). 
.T£n-paked:semrn_and_urine_sampl^ 



The assay variation in the immune complex transfer en- 
zyme immunoassay was examined by using urine samples, 
which showed three different levels of the fluorescence in- 
tensity for bound p-D-galactosidase activity (14, 174, and 
.1,650 for within-assay and 16, 188, and 2,050 for between- 
assay). The number of determinations at each level was 10 
for both within-assay and between-assay. The variation coef- 
ficients for within-assay and between-assay were 4.0-7.0% 
and 4.7.-8.0%, respectively. 

Detection of Anti-HIV-1 IgG in Urine 

Seventy urine samples were collected from seropositive 
subjects aged 10-60 years. (49 asymptomatic carriers, 13 pa- 
tients with AIDS-related complex (ARC) and eight patients 
with AIDS), and 100 urine samples were collected from 
seronegative subjects aged 24-68 years. The seropositivity 
was confirmed by Western blotting. The concentration of uri- 
nary IgG tended to be higher in patients with AIDS than in 



positive by the immune complex transfer enzyme immunoas- 
say ~for~anti-OTLW^ 

plex transfer enzyme immunoassay for anti-HIV-I IgG. A 
serum sample reacted slightly, but none of the other samples 
' reacted (Fig. 7). 

Level of Anti-HIV-1 IgG In Different Stages of 
HiV-1 infection 

Levels of anti-HIV- 1 p24 IgG were significandy (F < 0.001) 
lower in the patients with ', ARC and AIDS than in the 
asymptomatic carriers (Fig. 8), which was consistent with 
previous reports (17-19). 

Comparison With Previous Reports 

Anti-HIV-1 antibodies in urine were detected previously 
by the conventional ELISA (20-22), IgG antibody-capture 
enzyme-linked immunosorbent assay (GACELISA) (23-25) 
and IgG antibody-capture, particle adherence test (GACPAT) 
(23, 24). The sensitivity and specificity of the conventional 
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Fig. 7, Cross-reaction test of the immune complex transfer enzyme im- 
munoassay for anti-HIV- 1 IgG with serum and urine samples from HTLV-I- 
infected subjects. Closed and open symbols indicate results with samples 
from noncarriers and HTLV-Nnfected subjects, respectively. Circles and 
triangles indicate results by the immune, complex transfer enzyme immu- 
noassay- for anti-HIV- \ IgG and the immune complex transfer en2yme im- 
munoassay for anti-HTLV-1 IgG, respectively. 
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Fig. 8. Level of ami • HIV- 1 IgG in urine samples from seropositive sub- 
jects at different stages of HIV- 1 infection measured by the immune com- 
plex transfer enzyme immunoassay. Fluorescence intensities for bound 
p-D-galactosidase activity were corrected by the concentration of IgG in 
urine. AC, asymptomatic carriers. ARC, patients with AIDS-related com- 
plex. AIDS, patients with AIDS. 



ELISA performed using various commercial kits were 
93-100% and 92-100%, respectively (20, 21); In only one 
report, both the sensitivity and specificity were 100%, but 
the ratio, of si gnal, to noise .was not irnp roved by cqneentra- 
tion of urine samples (22). The sensitivity and specificity of 

- J3ACEUSA~W^ 
(23-25). Those of QACPAT were 92.5-100% and 
97.9-99.6%, respectively (23, 24): In the last two methods, 
the sensitivity would not be improved by using concentrated 
urine samples, as long as the level of IgG in urine samples 
reached the low level needed to saturate the assay anti-IgG 
binding sites (23). 

We also examined the sensitivity and specificity of the con- 
ventional ELISA using five recombinant proteins as antigens 
and gelatin particle agglutination test using a fysate of HIV- 1 
as antigen (Table i) (4). Urine samples tested were the same 
ones used in this study. The sensitivity and specificity of the 
conventional ELISA were 91% and 99%, respectively, with 
unconcentrated urine samples and 97% and 57%, respectively 
with approximately 10-fold concentrated urine samples. The 
specificity was considerably lowered by concentration of urine 
samples, since nonspecific signals for urine samples from the 
seronegative subjects were markedly enhanced. The sensitiv- 

' ity and specificity of the gelatin particle agglutination test 
were 83% and 97%, respectively, with unconcentrated urine 



samples and 97% and 76%, respectively, with approximately 
10-fold concentrated urine samples. Even for the 49 
asymptomatic seropositive subjects, the sensitivity and sped- 

_j6e.i.ty_of_to 

samples (90% and 99%, respectively) and those of the gela- 
-tin particle -agglutination test -with- unconcentrated- urine 
samples (86% and 97%, respectively) were similar to those 
for the 70 seropositive subjects including the patients with 
ARC and AIDS. The lowest signal for the asymptomatic 
seropositive subjects by the conventional ELISA was only 
one third of the highest nonspecific signal for the seronegative 
subjects (Fig. 9). 

. The previous immune complex transfer enzyme immunoas- 
says using recombinant RT and pl7 of HIV-1 as antigens and 
horseradish peroxidase and Escherichia coli P-D-galactosi- 
dase, respectively, as labels were superior to the conventional 
ELISA and gelatin particle agglutination test (4). Urine 
samples tested were the same ones used in this study. The 
specificity of test results was confirmed by preincubation with . 
excess of recombinant RT or pi7 of HIV- 1. The sensitivity 
and specificity were both 100% with unconcentrated urine 
samples (Table .1). With recombinant RT as antigen and 
unconcentrated urine samples, the lowest cut-off indices for 
the asymptomatic seropositive subjects and the patients with 
ARC and AIDS were 1.5, 1.4, and 1.1, respectively. With re- 
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Fig. 9. Detection of ant i -HIV- 1 IgG or and -HIV- 1 antibodies in urine 
samples of asymptomatic seropositive subjects by conventional methods, 
Forty nine urine samples from asymptomatic seropositive subjects and 100 
urine samples from seronegative subjects were tested by the conventional 
ELISA using five recombinant proteins of HTV-1 as antigens and gelatin 



No. of Urine Samples 

from Asymptomatic 
Seropositive Subjects 



particle agglutination test using a lysate of the whole virus as antigen. Open 
and closed symbols indicate results for urine samples from seropositive sub- 
jects and seronegative subjects, respectively. Squares and rhombuses indi- 
cate results by the conventional ELISA and gelatin particle agglutination 
test, respectively. The broken line indicates a tentative cut-off value. 



combinant p 1 7 as antigen and unconcerttrated urine samples, 
the lowest cut-off indices for the asymptomatic seropositive 
subjects and the patients with ARC and AIDS were 3,1, 2.6 
and 1.9, respectively. In addition, the sensitivity of the im- 
mune complex transfer enzyme immunoassay could be im- 
proved with concentrated urine samples with no loss of the 
specificity (100%), since the immune complex consisting of 
2,4-diriitrophenyl-antigen, antibody IgG to be detected and 

- antigen-enzyme -conjugate-was transferred-fronr one- solid - 
phase to another to eliminate interfering substance(s) (Fig. 1) 

" Md7"as a result 

did not significantly change by concentration of urine samples. 
Therefore, the positivity could be confirmed with concen- 
trated urine samples. Using approximately 10-fold concen- 
trated urine samples, the lowest cut-off indices were 
significantly improved (3.8, 11, and 2.5 for the asymptomatic 
seropositive subjects and the patients with ARC and AIDS, 
respectively, with recombinant RTas antigen and 7.3 and 3.0 
for the patients with ARC and AIDS, respectively, with re- 
combinant pi7 as antigen). 

By the present immune complex transfer enzyme immu- 
noassay using recombinant p24 as antigen with unconcenrrated 
urine samples, the lowest cut-off indices for the asymptomatic 
seropositive subjects and the patients with ARC and AIDS 
were 3. 1 , 2. 1 , and 2. 1 , respectively, as describe above. There- 
fore, test results by the previous immunoassay could be con- 
firmed by the present immunoassay. Namely, the use of p24 
as antigen made test results with RT and p 1 7 as antigens more 
reliable. 



REFERENCES 

1 . Constantine NT: Serologic tests for the retroviruses: Approaching a de- 
cade of evolution. AIDS 7; 1-13, 1993. 

2. FriedlandGH, Klein RS; Transmission of the human immunodeficiency 
virus. NEnglJMed 3 17:1125-1 135, 1987. 

3. Adachi A, Gendelman HE, Koenig S. Folks T. Willey R, Rabson A, 
Martin MA: Production of acquired immunodeficiency syndrome-as- 
sociated retrovirus in human and nonhuman cells transfected with an 
infectious molecular clone, J Virol 59:284-291, 1986. 

-4."Hashida S; Hiro^ K; H 

Oka S, Shimada K, Mimaya J, Matsushita S, Ishikawa E: Detection of 

antibody IgG to HTV-1- in urine by sensmve enz>me immumioassay (im' 

muue complex transfer enzyme* immunoassay) using recombinant pro- 
terns as antigens for diagnosis of HIV-l infection. J Clin Lab Anal, 
7:353-364, 1993. 

5. Ishikawa E, Imagawa M, Hashida S, Yoshltake S. Hamaguchi Y, Ueno 
T: Enzyme-labeling of antibodies and their fragments for enzyme im- 
munoassay and immunohistochemical staining. J Immunoassay 
4:209-327, 1983. 

6. Hashida S, Tanaka K, Yamamoto N, Uno T, Yamaguchi K, Ishikawa E: 
Detection of one attomole of {Arg*}- vasopressin by novel noncompeti- 
tive enzyme immunoassay (hetereMwo-site complex transfer enzyme 
immunoassay). J Biochem 1 1 0:486-492, 1 99 1 . 

7. Kohno T, Ishikawa E: A highly sensitive enzyme immunoassay of anit- 
insulin antibodies in guinea pig serum J Biochem 100:1247-1251, 1986. 

8. Ishikawa E, Kato K: Ultrasensitive enzyme immunoassay. Scand J 
Immunol 8:43-55, 1978. 

9. Tanaka N, Saitoh A, Nakata A. Shinagawa H: A simple method for over- 
production and purification of p24 gag protein of" human iirtmunoderi- 
ciency virus type 1. Microbiol Immunol 36:823-531, 1992. 

10. Penefsky HS: A centrifuged-coJumn procedure for the measurement of 
ligand binding by beef heart Fi. In Methods in Dtzymology. Edited by 
Fleischer S, Packer L> eds. Academic Press, New York, 1979, pp 
527-530. 



Enzyme immunoassay of Artti-HJV-1 IgG In Urine 95 



i l . KohnoT, Katsumaru H, Nakamoio H, YasudaT, MitsukawaV, Matsukura 
S,TsunetoshiY, TshikawaE: Use of inactive j3-D-galactosidase for elimi- 
nation of interference by anti-£-D-gaIactosidase antibodies in immune 
complex transfer enzyme immunoassay for ams-thyroglobulin IgG in 
serum using P-D-galactosidase from Escherichia coli as label. / Clin 
Lad Ana/ 5:197-205, 1991. 

12. Imagawa M, Hashida S, Ohta Y. Ishikawa £; Evaluation of £-D-galac- 
tosidase from Escherichia coli and horseradish peroxidase as labels by 
sandwich enzyme immunoassay technique. Ann Clin Biochem 
21:310-317, 1984. 

13. Yoshida T, Matsui T, Kobayashi S, Harada S, Kurimura T, Hinuma Y, 
Yamamoto N: A novel agglutination test for the human immunodefi- 
ciency virus antibody: a comparative study with enzyme-linked 
immunosorbent assay and immunofluorescence. Jpn J Cancer Res 
(Conn) 11: 1211-1213. 1986. 

14. Kohno T, Sakoda 1, Ishikawa E: SensiUve enzyme immunoassay (im- 
mune complex transfer enzyme immunoassay) for (anti-human T-ceil 
leukemia virus type 1) IgG in serum using a synthetic peptide, Cys-e/iv 
gp46( 188-224), as antigen. / Clin Lab Anal 6:105—112, 1992. 

15. Kannagi M, Sugamura K, Sato H, Okochi K, Uchino H, Hinuma Y: 
Establishment of human cytotoxic T cell lines specific for human adult 
T eel! leukemia virus-bearing ceils. J Immunol 130:2942-2946. 1983. 

16. Yogi Y, Hirota K, Kohno T, Toshimori H, Matsukura S. Setoguchi T, 
Ishikawa E: Measurement of ami-thyroglobulin IgG in urine of patients 

. with autoimmune thyroid diseases by sensitive enzyme immunoassay 
(immune complex transfer enzyme immunoassay). J Clin Lab Anal 
7:70-79, 1993. 

1 7. Goudsrniz J, Lange JMA. Paul DA, Dawson GJ: Anttgenemia and anti- 
body titers to core and envelope antigens in AIDS, AIDS-related com- 
plex, and subclinical human immunodeficiency virus infection. J Infect 
Dis 155:558-560, 1987. 



18. Cla-k SJ, Saag MS, Decker WD, Campbell-Hill S, Roberson JL, 
Veidkamp PJ, Kappes JC. Hahn BH. Shaw GM: High titers of cyto- 
pathic virus in plasma of patients with symptomatic primary HTV-l in- 
fection. N Engl J Med 324:954-960. 1991, 

19. McDougal JS. Kennedy MS, hficholson JKA, SpiraTJ, Jaffe HW, Kaplan 
JE, Fishbein DB, O'Malley P, Aloisio CH. Black CM, Hubbard M, 
Reimer CB; Antibody response to human immunodeficiency virus in 
homosexual men: Relation of antibody specificity, titer, and isorype to 
clinical status, severity of immunodeficiency, and disease progression. 
J Clin invest 80:316-324, 1987. 

20. CaoY, Hosein B, Borkowsky W, Mirabile M,BaJcer L. Baldwin D, Poiesz 
BJ, Friedman-Kien AE: Antibodies to human immunodeficiency virus 
type I in the urine specimens of HIV- 1 -Seropositive individuals. AIDS 
Res Hum Retroviruses 5:3 11 -3 1 9, 1 989. 

2 1 . Desai S. Bates H. Michalski FJ: Detection of antibody to HTV-1 in urine. 
Lancer 337:183-184. 1991. 

22. Reagan KJ, LUe CC, Book GW, Devash Y, WInslow DL, Bincsik A: 
Use of urine for HIV- 1 antibody screening. Lancet 335:358-359, 1990. 

23. Connell J A, Parry JV, Mortimer PP. Duncan RJS, McLean KA. 
Johnson AM. Hambling MH, Barbara J. Farringtoii CP: Prelimi- 
nary report: Accurate assays for anti-HIV in urine. Lancet 
335:1366-1369, 1990. 

24. Kiokke AH, Ocheng D, KaJluvya SE, Nicoil AG, Uukamm-Josten U, 
Parry JV, Mortimer PP, Connell J A: Field evaluation of immunoglobu- 
lin G antibody capture tests for HTV-1 and HIV-2 antibodies in African 
serum, saliva and urine. AIDS 5:1391-1392, 1991. 

25. Thongcharoen P, Wasi C, Louisirirotchanakul S. Parry J, Connell J t 
Mortimer P: Immunoglobulin G antibody capture enzyme-linked 
immunosorbent assay: A versatile assay for detection of anti-human 
immunodeficiency virus type 1 and 2 antibodies in body fluids. / Clin 
Microbiol 30:3288-3289, 1992. 



